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@ A mettled and apparatus for continuously manufacturing 
water absorbing resin. A mixed monomer solution is stored in 
a storage vessel (14) and a potymerization initiator stored in an 
initiator storage vessel (16). The monomer solution is fed 
tfirough a conduit (28) to a lower position (below the liquid 
surface) of a reaction chamber of a reaction vessel at a rate of, 
for example, 4 gallons per minute. Simultaneously, the poly- 
merization Initiator is fed at a rate of, for example, 0.2 gallons 
per minute through a conduit (32) to an opposite side of the 
reaction chamber, again at a lower portion (below a con- 
tinuously maintained liquid level) to begin polymerization. The 
reaction product forms from, an upper surface of the reactant 
mixture and travels upwardly through a truncated frusto- 
contcal cone shaped upper portion of the reaction chamber 
as a solid resin. The reaction product is sufficiently rigid to 
proceed upwardly from an upper annular -edge (36) of the 
upper reaction chamber portion until the resin meets an upper 
conveyor belt (18). The upper conveyor belt, driven in a 
counterclockwise direction, pushes the mass of reaction pro- 
duct onto a lower conveyor belt (20) on which the resin cures 
and dries without the addition of external heat. 
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CONTINUOUS METHOD FOR PREPARING POLYACRYLATE RESINS 

The present invention relates to a continuous 
method and apparatus for manufacturing polyacrylate 
resins having improved water absorbing properties and 
5 more particularly to an improved process and apparatus 
for preparing, continuously, cross^linked polymers of 
acrylic acid and polyvinyl monomers. 

Water absorbing resins have found wide use 

10 in sanitary goods, hygenic goods, water retaining 

agents, dehydrating agents, sludge coagulants, thicken- 
ing agents, condensation preventing agents and release 
control agents for various chemicals. Water absorbing 
resins heretofore known include hydrolysis products 

15 of starch-acrylonitrile graft polymers, carboxymethyl- 
cellulose, cross-linked polyacrylate products and 
other resins such as polyvinyl alcohol, polyethylene 
oxide and polyacrylonitrile resins. Of these water 
absorbing resins, the hydrolysis products of starch 

20 and acrylonitrile graft polymers have comparatively 

high ability to absorb water but require a cumbersome 
process for production and have the drawbacks of low 
heat resistance and decaying or decomposing easily 
due to the presence of starch. 

25 One of the processes for polymerizing acrylic 

acid and acrylates is aqueous solution polymerization. 
The polymer obtained by this process is soluble in 
water and, therefore, is cross-linked to modify the 
polymer into a useful water absorbing resin. However, 

30 even if the modification is effected by reacting a 

cross-linking .agent concurrently with or after aqueous 
solution polymerization, the resulting reaction product 
is in the form of a highly viscous aqueous solution 
or a gel containing absorbed water which is difficult 

35 to handle. Thus, the aqueous solution or g 1 must 

be dehydrated (dried) to obtain a water absorbing 
r sin in the desired solid or powd r form. It is 
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n vertheless difficult to dry the reaction product 
efficiently by the usual rotary drum roller method or 
spray drying method because care must be taken to 
avoid excessive cross-linking which results from over- 
heating during drying and insufficient drying results 
in reduced cross-linking density. Extreme difficulties 
are therefore encountered in preparing a product of a 
desired low water content and good water absorbing 
ability. 

An object of the present invention is to 
provide a process and apparatus for preparing, continu- 
ously, a water absorbing cross-linked aery late resin 
of low water content by aqueous solution polymerization- 
without any additional dehydrating or drying step. 

Another object of the present invention is 
to provide a process and apparatus for preparing, 
continuously, a cross-linked poly aery late resin by 
polymerization of acrylic acid neutralized 70-100 
mole percent, and a water-miscible or water soluble 
polyvinyl monomer in a combined concentration of 30 
to 80 wt. % in water and initiating polymerization 
without external heating. 

Another object of the present invention is 
to provide a process and apparatus for preparing, 
continuously, a cross-linked polyacrylate resin by 
co-polymerization of acrylic acid neutralized 70-100 
mole percent, with acrylamide and a polyvinyl monomer 
in proportions of 0 to 30 mole percent acrylamide and 
70-100 combined mole percent of neutralized acrylic 
acid and free acrylic acid. 

. Another object of the present invention is 
to provide a continous process and apparatus for pro- 
ducing a polyacrylate resin cross-linked with .2 weight 
percent to .6 weight percent based on the weight of 
monomers, of a water or water soluble polyvinyl monomer 
cross-linking agent to achieve a "dry feel" to the 
resin after significant water absorption. 
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Still anoth r object of the present in£ention 
is to provide a continuous process and apparatus £or 
producing a poly aery late resin wherein a combination 
of neutralizing agents are used to neutralize acrylic 
acid 70-100 mole percent, wherein one or more neutralize* 
ing agents reacts exothermically with acrylic acid 
and one or more neutralizing agents reacts endothermic- 
ally with acrylic acid to avoid overheating of the 
monomer reactants. 

In brief r the present invention is directed 
to a process and apparatus for preparing, continuously, 
water absorbing, cross-linked acrylate resins by aqueous 
polymerization of (A) acrylic acid neutralized 70 to 
100 mole percent for example with ammonia, and/or 
caustic alkali and/or an amine; with (B) acrylamide 
in a mole ratio of 70 to 100 mole percent (A) to 30:0 
mole percent (B) ; and (CJ a water miscible or a water 
soluble polyvinyl monomer in an amount of .001 to 0.3 
weight percent based on the total weight of (A) and 
(B) . To achieve the full advantage of the present 
invention the monomer concentration is at least 50 
wt. % of the aqueous solution. A "dry feel" is obtained 
at a polyvinyl monomer concentration of at least .2 
wt. percent of the aqueous solution. 

In accordance with the present invention, 
a heated aqueous solution comprising (A) acrylic acid 
neutralized 70 to 100 mole percent for example with 
ammonia, and/or caustic alkali and/or an amine; and 
(B) a water-miscible to water-soluble polyvinyl monomer, 
water and, when desired, an organic solvent having a 
boiling point of 40 to 150** C, and having a combined 
monomer concentration of (A) plus (B) of 30 to 80 wt. 
% is subjected to continuous polymerization in the 
presence of a polymerization initiator without external 
heating while allowing water to evaporate off. 

FIG. 1 is a perspective view of the apparatus 
of the present invention; 
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FIG* 2 is a cross-section vi w of the 
reaction chamber of the apparatus of the present 
invention. 

In accordance with the present invention a 
cross-linked polyacrylate resin is prepared by aqueous 
solution polymerization while dehydrating or drying 
the reaction product during polymerization by utiliz- 
ing the exothermic heat from the polymerization and 
cross-linking reactions for drying • 

It has been found that acrylic acid neutra- 
lized in the range of 70 to 100 mole percent will 
polymerize and cross-link rapidly with a polyvinyl 
monomer cross-linking agent to drive away excess water 
leaving a solid water absorbing resin having a desired 
degree of polymerization as well as new and unexpected 
water absorbing capacity. One or more polymerization 
catalysts or initiators can be added to the aqueous 
monomer mixture to aid in polymerization. 

According to the present invention, a hot 
aqueous solution is prepared first which comprises 
acrylic acid neutrsLLized 70 to 100 mole percent, a 
water-miscible or water-soluble polyvinyl monomer, 
water and, when desired, an organic solvent having a 
boiling point of 40 to 150" C, and which contains the 
aery late monomer and the polyvinyl monomer in a combined 
concentration of 30 to 80 wt. %. To achieve the full 
advantage of the present invention, the acrylate and 
polyvinyl monomers are present in a combined concen- 
tration of less than 70 weight perceat of the monomer 
solution. In accordance with another important embodi- 
ment of the present invention, the combined concentra- 
tion of the acrylate and polyvinyl monomers is less 
than 55 weight percent of the monomer solution. The 
concentration of the monomers is deliberately deter- 
mined considering the state of the solution (i.e. as 
to whether or not the monomers can be completely dis- 
solved in water) , ease of the reaction of the monomers. 
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escape o£ the monomers due to the scattering during 
the reaction, etc. The agu ous solution can be pr pared 
easily usually by placing acrylic acid, a strong alkali 
such as potassium hydroxide and/or ammonium hydroxide 
or a basic amine for neutralizing the acid and the 
polyvinyl monomer into water in such amounts that the 
resulting solution has the above-mentioned monomer 
concentration. To dissolve the monomers thoroughly, 
the mixture can be heated to an elevated temperature. 
Any strongly basic alkali metal compound can be used 
for neutralization of the acrylic acid, such as potas- 
sium hydroxide, sodium hydroxide, lithium hydroxide, 
cesium hydroxide, potassium carbonate or sodium carbon- 
ate. Although it is desirable to use the neutralizing 
agent usually in an amount sufficient to neutralize 
acrylic acid 100 mole %, there is no particular need 
to nieutralize the acid 100% insofar as the neutralizing 
agent, e.g., hydroxide, is used in such an amount as 
to achieve not less than about 70% neutralization. 
Accordingly the aqueous solution may contain up to 
about S0% of free acrylic acid. However, a large 
quantity of free acrylic acid, if present in the 
aqueous solution, is likely to partly splash out of 
the system to result in a loss during the reaction, 
leading to a reduced degree of polymerization. Use 
of an excessive amount of the neutralizing agent will 
not raise any particular problem, but the excess does 
not participate in the polymerization reaction and is 
therefore useless. 

In accordance with another important feature 
of the present invention, a combination of neutralizing 
agents, one which reacts endothermioally with acrylic 
acid, e.g., a basic ammonium compound such as ammonium 
carbonate and/or ammonium hydroxide, and one which 
reacts exothermically with acrylic acid, e.g., potas- 
sium hydroxide, ar used to maintain the monomer react- 
ants at a proper reaction temperatur without the 
necessity of cooling the reaction vessel. 
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We hav also found that when the aqueous 
solution further contains an organic solvent having a 
boiling point of 40 to 150* C, the temperature of the 
aqueous solution is controllable with great ease and 
the resulting cross-linked resin has remarkably im- 
proved ability to absorb water at an initial rate. 

When incorporating an organic solvent accord- 
ing to the invention r the aqueous monomer solution 
has a solidifying point which is about 10 to about 
20** C lower than otherwise. This increases the allow- 
able range of temperature control at least about 3 
times. The organic solvent used is vigorously eva- 
porated along with water by the heat of polymeriza- 
tion of the monomer. Since the latent heat of the 
evaporation is considerably smaller than that of water, 
the organic solvent functions as a blowing agent in 
the polymerization reaction system, consequently ren- 
dering the resulting resin porous. The resin exhibits 
about 2 to about 5 times higher initial rate of water 
absorption than the one obtained without using the 
organic solvent while possessing high water absorbing 
ability* 

Thus, the organic solvent, when added to 
the aqueous monomer solution, produces improved effects 
without in any way i3i?>airing the advantages resulting 
from the use of the monomer solution. 

Examples of organic solvents to be used in 
the invention when desired and having a boiling point 
of 40 to 150** C are methanol, ethanol, propanol and 
like aacohol solvents, acetone, methyl ethyl ketone 
and like, ketone solvents, cyclohexane, n-hexane, n- 
heptane and like hydrocarbon solvents, benzene, toluene 
and like aromatic hydrocarbon solvents, and tetrahydro- 
furan and like furan solvents. These solvents may be 
used singly or in admixture. The solvent is used in 
an amount of 0,5 to 15 wt. %, preferably 1 to 10 wt. %, 
based on the combined amount of the monomers. With 
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less than 0.5 wt. % o£ the solvent pres nt, a suffi- 
cient blowing action will not take place, while the 
solidifying point of the monomer solution will not 
lower greatly. Conversely if more than 15 wt, % of 
the solvent isused, the resulting resin is likely to 
exhibit reduced water absorbing ability although 
achieving a high initial rate of water absorption. 
Moreover the monomers are likely to separate out, 
hence objectionable • Because the monomer solutiuon 
is heated prior to polymerization and further because 
the organic solvent evaporates along with water, the 
boiling point of the solvent is more preferably in 
the range of 55 to 120* c. 

In accordance with the present invention, 
acrylic acid neutralized, 70-100 mole percent is mixed 
with a water-miscible or water-soluble polyvinyl monomer 
in an aqueous solution at a temperature of about 20 
to 10 0* C and continuously fed to a reaction chamber 
through one reaction chamber inlet. The solution is 
subjected to a polymerization reaction and a cross- 
linking reaction by the continuous addition of a poly- 
merization initiator through another reaction chamber 
inlet. The polymerization reaction proceeds suf- 
ficiently within a very short period of time and if 
the monomer concentration is at least 30 percent by 
weight of the aqueous monomer mixture, the heat of 
the polymerization and cross-linking reactions will 
evaporate water rapidly from the reaction product as 
it travels upwardly from an upper surface of the monomer 
solution onto a conveyor or other means to remove the 
reaction product (resin) from the reaction vessel to 
form a dry solid (less than 15 percent by weight water) 
water absorbing resin without the need for any subse- 
quent drying step. The solid can be easily pulverized 
into a powder suitable for any desir d use. 

According to the continuous process of the 
invention, a hot, i.e. at least 25** C. , aqueous solu- - 
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tion is prepared first including acrylic acid 
neutralized 70 to 100 mole percent, optionally acryla- 
mide, a water-miscible or water-soluble polyvinyl 
monomer, and water in a first reactant storage vessel. 
A reacting initiator is stored in a second reactant 
storage vessel so that the reactants from both vessels 
are fed simultaneously into a lower portion (below a 
continuously maintained liquid level) in the reaction 
vessel. The aqueous solution can be prepared easily 
by placing (A) acrylic acid, and an amine, and/or a 
caustic alkali and/or ammonia for neutralizing the 
acid; (B) acrylamide (0-30 mole percent) ; and (C) a 
polyvinyl monomer into water to form a mixed monomer 
solution. To dissolve the monomers thoroughly, the 
mixture can be heated to an elevated temperature up 
to the boiling point of water i.e. 100® C. 

The polyvinyl monomer to be used in both 
embodiments of the invention should be miscible with 
or soluble in water so that the monomer will be uni- 
formly dissolved or dispersed in the aqueous solution 
of the monomer mixture. Examples of such polyvinyl 
monomers include bisacrylamides such as N,N'-methylene- 
bisacrylamide and N,N'-methylenebismethacrylamide; 
polyacrylic (or polymethacrylic) acid esters repre- 
sented by the following formula (I) ; and diacrylamides 
represented by the following formula (XI) • Among 
these, especially preferably are N,N'-methylenebis- 
acrylamide^ N,N'-methylenebismethacrylamide and like 
bisacrylamides. 
Formula (I) 




wherein X is ethylene, propylene, tr imethy lene , hexa- 
methylene, 2-hydroxypropylene , (CH2CH2O) nCH2CH2 - or 
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CH3 CH3 
-4CH2-CH-0)niCH2--CH- , n and la are each an int ger 
o£ £rom 5 to 40, and k is 1 or 2* 

The compounds of the formula (I) are prepared 
by reacting polyols, such as ethylene glycol, propylene 
glycol/ trimethylolpropane, 1,6-hexanediol, glycerin, 
pentaerythr itol, polyethylene glycol and polypropylene 
glycol, with acrylic acid or methacrylic acid. 
Formula (II) s 

CH2 = CH HC = CH2 

0 = C - NH(CH2CH2NHj^C = O 

wherein is 2 or 3. 

The compounds of the formula (11) are ob- 
tained by reacting polyalkylenepolyamines , such as 
diethylenetriamine and triethylenetetr amine , with 
acrylic acid. 

The polyvinyl monomer is used in an amount 
of about 0.001 to 0*3 wt. % of the amount of acrylic 
monomers in the aqueous monomer mixture. In accord- 
ance with an important embodiment of the present inven- 
tion, the polyvinyl monomer should be present in the 
aqueous solution in an amount of at least .2 wt. % 
based on the total weight of monomers to provide a 
resin sufficiently cross-linked to have a "dry feel" 
after significant water absorption. If the polyvinyl 
monomer is included in the aqueous solution in an 
amount of .2 to .6 weight percent based on the weight 
of neutralized acrylic acid and polyvinyl monomers, 
the resulting polymer will have an exceedingly "dry 
feel" on absorption of water. 

The aqueous mixed monomer solution is heated 
and thereafter fed continuously to the reaction vessel 
simultaneously with a reaction initiator fed through 
a separate inlet conduit for polymerization and cross- 
linking reactions in the reaction vessel. Although 
the temp rature of the aqueous mixed monomer solution 
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is not particularly limited since the mixed monomer 
solution is initiated into polymerization by the addi- 
tion of the initiator, the temperature is usually 
about 50 to about 85® preferably about 60 to about 
75* C. Various polymerization initiators are usable 
which are known for use in preparing polyacrylates • 
Examples of useful initiators are redox initiators 
comprising a reducing agent, such as a sulfite or 
bisulfite of an alkali metal, ammonium sulfite or 
ammonium bisulfite, and an initiator, such as a per- 
sulfate of an alkali metal or ammonltim per sulfate, in 
combination with the reducing agent; azo initiators 
including azobis-isobutyronitrile, 4-t-butylazo-4 
cyanovaleric acid, 4,4'-azobis (4-Gyanovaleric acid) . 
and 2,2*-azobis (2-amidinopropane) -hydrochloric acid 
salt; trimethylolpropane triacrylate, and the like. 
These initiators can be used singly or in a suitable 
combination. Of these, especially preferable are a 
redox initiator composed of ammonium persulfate and 
sodium hydrogensulf ite, and azo initiators such a 
azobisisobutyronitrile and 2,2"-azobis (2-amidinopro- 
pane) -hydrochloric acid. These initiators are advan- 
tageously used usually in the form of an aqueous solu- 
tion but can be used as diluted with a suitable solvent. 
The initiator is used in a usual amount, i.e. in an 
amount, calculated as solids, of about 0.1 to about 
10%, preferably about 0.5 to about 5%, of the combined 
weight of the monomers, namely acrylate (and free 
acrylic acid), acrylamide, and polyvinyl monomer. 
Depending on the amount and kind of the initiator, 
the initiator is usable together with isopropyl alcohol, 
' alkylmercaptan or other chain transfer agents to control 
the molecular weight of the polyacry late to be obtained. 

By the continuous addition of the poly- 
merization initiator, the mixed monomer solution is 
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subjected to continuous polymerization in a reaction 
chamber of the reaction vessel with evaporation of 
water without heating the system from outside • More 
advantageously, the reaction is carried out by admixing 
a predetermined amount of the initiator or an aqueous 
solution thereof with the mixed monomer solution and 
causing the resulting mixture to flow down onto and 
spread over a traveling conveyor belt. The initiator 
can be added to the mixed monomer solution as it is 

poured onto the conveyor^-beltv — — — ....^^ 

The--poIymer i za t ion proceedi^apidly\f ter 
admixing the initiator with the mixed monomer^sM-u^ 
ti,on and is completed within a short period of timeT^^^ 
/usually in about 30 seconds to about 10 minutes. The ) 
reaction is exothermic, so that the reaction system 
^s rapidly heated from a reaction temperature^of^-'about 
70**-C_to^bout 100 to about 130 C by-^th^e'lbeat of 
polymer izatibfn ^Cblis^quently, particularly where the 
monomer concentration in the mixed solution is at 
least 50 percent by weight, the water evaporates from 
the system rapidly to give a relatively dry, solid 
polymer of low water content without resorting to any 
external heating. The water content of the polymer 
is usually up to about 15%, and generally about 8 to 
12% by weight as recovered. Subsequently, the dry 
solid polymer can be made into the desired powder 
easily by a usual method, for example by pulveri- 
zation, without a drying step. 

In accordance with another important feature 
of the present invention, polystyrene and/or methyl- 
cellulose can be added to the mixed monomer solution 
in an amount of 0.5 to about 10 percent based on the 
total weight of monomers in the mixed monomer solution 
to increase the porosity and water absorbing capacity 
of the polymers, it has been found, quite surprisingly, 
the polystyrene and methylcellulose will substantially 
increase the water absorbing capacity of the resin 
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described herein. To achieve the full advantage of 
the pres nt invention, the polystyrene and methylcel- 
lulose should be added in an average grain size of 
less than or equal to 5 micrometers. 

The powder thus obtained has outstanding 
water absorbing ability and is useful for sanitary 
goods r paper diaper, disposable diaper and like hygenic 
goods, agricultural or horticultural water retaining 
agents y industrial dehydrating agents, sludge coagu- 
lants, thickening agents, condensation preventing 
agents for building materials, release control agents 
for chemicals and various other applications. 

The present invention will be described in 
greater detail with reference to the drawing and the 
following examples. 

Referring now to the drawing, and initially 
to PIG. 1, there is illustrated apparatus for the 
continuous manufacture of water absorbing resin, gener- 
ally designated by reference numeral 10. The apparatus 
10 includes a reaction vessel, generally designated 
12, a mixed monomer solution storage vessel 14, a 
polymerization initiator storage vessel 16, an upper 
reaction product conveyor belt 18, a lower reaction 
product conveyor belt 20, and a dry cured resin holding 
vessel 22. If desired, retaining walls 24 and 26 are 
provided between the two conveyor belts to retain the 
water absorbinb resin reaction product on the lower 
conveyor belt 20. 

The mixed monomer solution is stored in 
storage vessel 14 and the polymerization initiator 
stored in the initiator storage vessel 16. The monomer 
solution is fed by gravity or otherwise through conduit , 
28 to a lower position (below the liquid surface) of 
a reaction chamb r 30 of the reaction vessel 12 at a 
rate of, for example, 4 gallons per minute. Simul- 
taneouslyr the polymerization initiator is fed at a 
rat f , for example, 0.2 gallons per minute by gravis 
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or otherwise through conduit 32 to an opposite side 
of the reaction chamber, again at a lower portion 
(below a continuously maintained liquid level) to 
begin polymerization. The reaction product forms 
from an upper surface of the reactant mixture (mixed 
monomer solution plus initiator) and travels upwardly 
through a truncated frustoconical cone shaped upper 
portion 34 of the reaction chamber 30 as a soli<3 resin. 
The reaction product is sufficiently rigid to proceed 
upwardly from an upper annular edge 36 of the upper 
reaction chamber portion 34 until the resin meets the 
upper conveyor belt 18 . The upper conveyor belt 18 , 
driven in a counterclockwise direction, pushes the 
mass of reaction product to the right, as shown in 
FIG. 1, onto the lower conveyor belt 20 on which the 
resin cures and dries without the addition of external 
heat. A suitable drying or curing time for the resins 
produced in accordance with the following examples 1- 
4 is, for example, 30 minutes. The lower conveyor 
belt can be of a suitable length for complete curing, 
or final curing and drying can occur in resin holding 
vessel 22. 

Example 1 

To deionized water in vessel 14 are added, 
wherein percents are weight percents based on the 
total weight of the monomer solution formed, 58.81% 
acrylic acid first, then 11.76% potassium hydroxide 
and 11.76% ammonium carbonate and 14.70% ammonium 
hydroxide serving as neutralizing agents. Thereafter 
.03% of N,N-methylenebisacrylamide as a polyvinyl 
monomer is added to prepare an aqueous solution of 
potassium aery late and ammonium aery late in 2.79% of 
water having a neutralization degree of about 90% and 
a combined monomer concentration of 58.84 wt.%. The 
monomer solution is stored in storage vessel 14 until 
the polymer solution process b gins by feeding poly- 
mer icat ion initiator from vessel 16 simultaneously 
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14 

with monomer solution from vessel 14 into the reaction 
chamber 30 of the reaction vessel 34. 

The aqueous solution is maintained at 70® 
C, and with the solution in reaction chamber 30 are 
continuously admixed to maintain a concentration of 
0.15% of 2,2'"^2obis-(2-amidino-propane) hydrochloric 
acid. The final solution is as follows: 
CHEMICALS 

ACRYLIC ACID 58 • 81% 

POTASSIUM HyDROXIDE 11.76% 
AMMONIUM CARBONATE 11.76% 
N^N-METHYLENEBISACRYLAMIDE 0.03% 
POLYMERIZATION INITIATOR 0.15% 
AMMONIUM HYDROXIDE 14.70% 
H2O 2.79% 

TOTAL 100.00 
The polymer is allowed to complete curing 
for about 30 minutes at ambient temperature to give a 
dry solid mass of cross-linked potassium polyacrylate 
and ammonium acryiate product having a water content 
of 11% and a residual monomer concentration of 1200 
ppm. The resin is made into a powder by a pulverizer 
{not shown) . 

Examples 2 to 4 

25 Polymers are prepared in the same manner as 

in Example 1 with the exception of varying, at least 
one of the combined concentration of monomers, the 
amount of polyvinyl monomer (NrN-methylenebisacryl- 
amide|, the kind and amount (degree of neutralization) 
of neutralizing agent, and the amounts, based on the 
combined amount of the monomers, of azo polymerization 
initiator. The following compositions were polymerized 
in the apparatus 10: 
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EXAMPLE 2 

ACRYLIC ACID 56.80% 
POTASSIUM HYDROXIDE 14.77% 
AMMONIUM CAEBONATE 11.36% 
N,N-METHYLENEBISACRYLAMIDE 0.03% 
POLYMERIZATION INITIATOR 0.14% 
AMMONIUM HYDROXIDE 14.20% 
H20 2.70% 

TOTAL 100.00% 
EXAMPLE 3 

ACRYLIC ACID 57.13% 
POTASSIUM HYDROXIDE 14.28% 
AMMONIUM CARBONATE 11.43% 
N^N-METHYLENEBISACRYLAMIDE 0.03% 
POLYMERIZATION INITIATOR 0.14% 
AMMONIUM HYDROXIDE 14.28% 
H20 2.71% 

TOTAL 100.00% 
EXAMPLE 4 

ACRYLIC ACID 54.66% 
POTASSIUM HYDROXIDE 10.93% 
AMMONIUM CARBONATE 

N, N-METHYLENEBISACRYLAMIDE 0.11% 
POLYMERIZATION INITIATOR 0.41% 
AMMONIUM HYDROXIDE 30.61% 
H20 3.27% 

TOTAL 100.00% 
The amount of polyvinyl monomer listed as 
expressed in % by weight based on the combined amount 
of potassium aery late, free acrylic acid and the poly- 
vinyl monomer, and the concentration of initiator is 
expressed in'% by weight based on the combined amount 
by weight (calculated as solids) of the monomers and 
the initiator, the same as hereinbefore. 

EXAMPLE 5 

To 22.2 gallons of deionized water in storage 
vessel 14 are added 72.1 gallons of acrylic acid first. 
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then 49.5 gallons of potassium hydroxide having a 
purity of 85% and serving as a neutralizing agents 
and thereafter 0.01 g of N^N-methylenebisacrylamide 
as a polyvinyl monomer to prepare an aqueous solution 
of potassium acrylate having a neutralization degree 
of 75% and a combined monomer concentration of 70 
wt.% in storage vessel 14. 

The aqueous solution is maintained at 70® 
and the solution from conduit 28 is fed at 4 
gallons/minute to reaction chamber 30 of reaction 
vessel 12. Simultaneously is fed at .2 gallons/minute 
until reactant level L is reached (FIG. 2) , 18% aqueous 
solution of ammonium persulfate (0.5 wt* % based on 
the combined weight of the potassium acrylate, free 
acrylic acid and N,N-methylenebisacrylamide, the same 
as hereinafter) . The mixture is fed into the reaction 
vessel 12. About 30 seconds thereafter, the mixture 
starts to polymerize, and the reactants are fed con- 
tinuously to the reaction vessel 12. The maximum 
temperature of the mixture during the reaction is 
about 120* C. 

The reaction gives a dry solid of cross- 
linked potassium polyacrylate product having a water 
content of 11% and a residual monomer concentration 
of 1200 ppm. The resin is made into a powder by a 
pulverizer. The powder has water absorbing ability 
of 450 as measured with use of deionized water or 60 
as measured with 1% saline* 

Examples 6 to 9 

Polymers are prepared in the seuae manner as 
in Example 5 with the exception of changing at least 
one of the amount of N,N-methylenebisacrylamide and 
the kind and amount of the polymerization initiator 
as list d in Table 1 below. Table 1 also shows the 
water content and water absorbing ability of each 
polymer obtained. 



Ex. Initiator 
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Table 1 
Amt. Water 
of Poly- 
vinyl 
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No. 



Water Absorbing 
Ability 



De ionized 



Kind Cone. Monomer Content Water 



1% 
Saline 



10 



15 



20 



25 



30 



35 



6 
7 
8 
9 



2,2'-a2obis- 
(2-ajaidino- 
propane) hydro- 
chloric acid 
0.5 
0.5 
1.0 
1.0 



0.01 
0.02 
0.01 
0.02 



11 
12 
10 
11 



520 
610 
550 
580 



58 
65 
62 
63 



Examples 10 to 17 

Polymers are prepared in the same manner as 

in Example 1 except that the compounds listed in Table 

2 below are used as polyvinyl monomers in the listed 

cunounts. Table 2 also shows the water content and 
water absorbing ability of each polymer obtained. 

Table 2 



Ex. Polyvinyl Monomer Water 
Wo. ^ Kind / Amount Content 

10 Ethylene 0.01 12 
glycol diallyl 

ester 

11 • 0.02 13 

12 Deithylenetri- 0.01 12 
amine-diacryl- 

amid 

13 " 0.02 12 

14 N,N-methylene- 0.01 9 
bismethacryl- 

amid 

15 " 0.05 11 



Deionized Water 
Absorbing Ability 

480 



430 
510 

450 
520 

390 
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16 Poly thylene 0*01 10 500 
glycol 

diacrylate* 

17 " 0.05 11 430 

♦Polyethylene glycol diacrylate used in Examples 20 
and 21 is represented by the following formula: 



CH2 = CH p = CH2 

0 = C - {OCH2CH2V20 0 - C = O 



10 Bxemples 18 to 21 

Acrylic acid {72»1 g) , 18.0 g of deionized 
water r 40.9 g of solid potassium hydroxide (water 
content 4%) and 5.2 g of one of the solvents (5 wt. % 
based on the monomers) listed in Table 3 are mixed 
together r and the mixture is maintained at 75® C. 
With the mixture is further admixed 4.0 g of 10% aqueous 
solution of 2,2'-azobis (2-amidinopropane)hydrochloric 
acid salt in reaction vessel 12. After about 1 minute, 
the reaction proceeds after which the reactants are 

20 continuously fed at the rates of example 1 into a 

lower portion of the reaction chamber 30. The maximum 
temperature of the mixture during the reaction is 130 
to 135** C. If necessary r water coolant can be cir- 
culated through conduit 40, through cooling jacket 42 

25 surrounding the lower portion of the reaction chamber 

20 and through outlet 44 to cool the reactants. 

The reaction gives a dry cross-linked potas- 
sium polyacrylate productr which is pulverized to a 
powder 20 to 100 mesh in particle size. 

3Q The same procedure as above is repqsated 

with use of the other solvents. All the powders ob- 
tained have a water content of 4 to 6%. 

A 0.1 g quantity of each of the powders is 
accurately measured out and the water absorbing ability 

35 of the powder is measured after immersing the powder 

in deionized water or 1% saline for 10 seconds, 30 
seconds or 15 minutes. Table 3 shows the results. 
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Example 22 

An aqueous monomer solution is prepared in 
the same manner as in examples 17 to 21 with the ex- 
ception of not using any organic solvent. The solution 
is thereafter subjected to polymerization in the same 
manner as in these examples to obtain a powder of dry 
solid. Table 3 also shows the test results obtained 
with this powder. 

Table 3 

Example No. 18 19 20 21 22 
Organic Acetone Ethanol Benzene Tetra- (Water 
Solvent hydro- only) 
fur an 

Water absorbing 
ability (times) 



15 1% Saline 



10 Sec. 


73 


68 


70 


76 


54 


30 Sec. 


83 


82 


.85 


85 


75 


15 Hin. 


97 


93 


94 


96 


96 


De ionized water 












20 10 Sec. 


620 


690 


600 


690 


300 


30 Sec. 


900 


910 


880 


920 


750 


15 Min. 


960 


980 


900 


980 


920 



25 



30 



35 
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CLAIMS : 

I ^ A process for continuously preparing a solid 

water absorbing resin characterised in that it comprises 
mixing a monomer solution of (A) acrylic acid 70-100 mole 
percent neutralised^ and (B) a water-miscible to water- 
soluble polyvinyl monomer; in a combined concentration of 
at least 30 wt. % with water to form a mixed monomer 
solution and initiating polymerization of monomers (A) and 
(B) by simultaneously feeding the mixed monomer solution 
and a polymerization initiator each through a respective 
reaction chamber inlet (28,32) to begin polymerization in 
the reaction chamber (30); and continuously feeding the 
mixed monomer solution and the polymerization initiator to 
the reaction chamber while removing solid resin therefrom 
such that during polymerization , the exothermic heat of 
reaction is substantially the only heat energy used to 
accomplish polymerization, cross-linking and to drive off 
sufficient water to obtain a solid cross-linked resin 
having a water content of 15 percent by weight or less. 

2. A process as claimed in claim 1, characterised 

in that the continuous combined concentration of the 
liquid monomers (A) and (B) is at least 30 wt. % and less 
than 70 wt. je. 

3^ A process as claimed in either claim 1 or claim 

2, characterised in that the mixed monomer solution has 
a temperature of 50 to 85**C prior to polymerization. 

A process as claimed in any one of the preceding 
claims, characterised in that monomer (B) comprises 
N,N-methylenebisacrylamide or N, N-methylenebismethacryl- 

amide • 
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5. A process as claimed in any one of -the preceding 
claims, characterised in that the mixed monomer solution 
additionally contains an organic solvent in an amount of 

1 to 10 wt. % based on the weight of monomers (A) and (B). 

S 

6. A process as claimed in any one of the preceding 
claims, characterised in that the mixed monomer solution 
further contains an organic solvent having a boiling point 
of 40 to 150° C. 

10 

7. A process as claimed in any one of the preceding 
claims, characterised in that the solid resin formed in the 
reaction chamber (30) is removed from the top thereof and 
passes to conveyor means (20) where polymjsrization is 

15 completed. 
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@ A method and apparatus for continuously manufactur- 
ing water absorbing resin. A mixed monomer solution Is 
stored in a storage vessel (14) and a polymerization initiator 
stor d in an initiator storage vessel (16). The monomer 
solution is fed through a conduit (28) to a tower position 
(below the liquid surface) of a reaction chamber of a reac- 
tion vessel at a rate of, for example. 4 gallons per minute. 
Simultaneously, the polymerization initiator is fed at a rate 
of. lor example. 0.2 gallons per minute through a conduit 
(32) to an opposite side of the reaction chamber, again at a 
lower portion (below a continuously maintained liquid level) 
to begin polymerization. The reaction product forms from an 
upper surface of the reactant mixture and travels upwardly 
through a turncated frustoconical cone shaped upper por- 
tion of the reaction chamber as a sojid resin. The reaction 
product Is sufficiently rigid to proceed upwardly from an 
upper annular edge (36) of the upper reaction chamber 
portion until the resin meets an upper conveyor bell (18). 
The upper conveyor held, driv n in a counterclockwise 
dir ction, pushes the mass of reaction product onto a low r 
convey r belt (20) on which the r sin cures and dries with- 
out the addition of external heat. 
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